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The study of the histology of the blood is a comparatively recent
one. since it appears only to have been taken up in carnest in
the latter half of the 19th century. These early workers were neces-
sarily lLampered by imperfections in the apparatus at their
disposal.  Gulliver (1) iu 1875 published the results of an exhaus-

tive examination of the shapes and sizes of red corpuseles of
vertebrates, aud this had heen preceded by a paper on the taxo-
nomic import of the nuclens of these cells, He was followed in
1878 and 79 by the appearance of two publications by Erhlich,
wliose naine in conneetion with histology and reactions of the blood
ix. of course, a houschold word to all students of the subject to-
day. No lately as 18920 however, Newton Parker (2) writes: ©* The
fact that the white corpuseles of the blood are not all alike is now
well known in the case of most vertebrates, although it is not pos-

sible, 1n most ca at any rate, to state definitely whether these

do o1 do not correspondd to stages in the development of one and
the same thing, and whether different functionis are performed hy
these different kinds of lencocytes.™
In later years the intimate relation bhetween the state of the
blood and various conditions of discase, together with the very
pericet methods of manipulation whieli the modern knowledge of
staining and fixing hax evolved, have produced an extensive litera-
tnre on the histology of the blood.  The work done in this direction
Leing prineipally deseriptions of pathological conditions or com-
parisons of normal blood with that of diseased individuals, is
Cwmainly contined to an examination of man and the domesticated
animals.  In a recent paper (3) Dres. Cleland and Harvey Johnston
have, however. cudeavoured to point out that some indication of
the probable line of cvolution of vertebrate foris may be deduced
from a comparative study of the shapes and sizes of the red cells
of the blood.  Tu the present paper I have essaved to collect some
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data in regard to the native Australian animals, and have tried
to obtain as many types in each group as possible.

The chief difficulty has heen the fact that the native animals
available can seldom be said to exist under normal conditions,
being principally captive specinens, maiuly from the Zm»]ngic;ﬂ
Gardens: and in many cases the smears were so distinetly patho-
logical as to be useless for comparative purposes.  Bearving this in
mind I have been careful in forming generalisations from my
results uuless the material has heen sufficient and reliable enough
to warrant so doing. [ have to acknowledge my indebtalness to
Professor Spencer and Dr. Sweet, of the Biological School. Mel-
bourne University, for the use of books, specimens, and apparatus;
to Dr. Gilruth, sometime Professor of Veterinary Pathology ;
Acting-Professor MacDonald, Dr. Dodd, and Mr. H. R. Seddon—
all sof the Veterinary School, Melbourne University—for the use
of books, smears, and for advice as to methods of staining, ete.;
also to the members of the Biological Lahoratory, past and present,
espectally to Mrs. J. Lo 1. Woodburn, for smears from wild and
W

native forms of N.

Methods.

Actual Counts weve only made in a few casex.  The instrument
used was the Thoma Zeiss Haemoeytometer, with Havem's diluting
fluid.  Where possible the blood was taken from the ventriele, fmme-
aliately after death; and in most eases, for lack of time, the white
corpuscles were counted with the red.

Smears.—Wherever possible the smears were fixed 1 alcohol
before staining, and several specimens were obtained, so that at
least two varieties of stains might be employed.  Those stains found
to give the niost consistent results were those of Jenner and Giemsa
(““Tabloid ™ brand). These, however. do not both react in the
sale way to the various classes of white cell. making the determi-
nation of a differential count somewhat uncertain at times. Thus
nmost cells were found to differentiate Letter with Giemsa, and in
some cases only with that stain, though Burnett (1) deseribes mast
<ells whose granules take a purple stain with Jenner.  Mononuelear
forms, especially of wmphibia, showed hest  with  Giemsa: while
wells with costnophile eharacteristios stained more satisfactorily
with Jenner—with the doubtful exception of oue marsupial form—
and the crystalloid ecosinophile cells showed their preference for
this stain markedly.  These observations are horne out by the
statement of Dauniels in ““ Laboratory Studies in Tropical Medi-
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cine.” po 67, where he remarks, in reference to slides stained with
Gietsa, ““They (cosinophile granules) do not foru as couspicuous
objects as specimens stained by Louis Jenner’s stain.”” |

Nomenclature.

These facts have given rvise to a dificulty in arriving at a com-
pletely satisfactory method of naming the various forms of leu-
cocyte, and probably as IFFantham (5) remarks, p. 726, ¢ The
differences in opinion of the various investigators are explicable by
refevence, to slight variations in the stains.”

In arviving at any satisfactory nomenclature it has been neces-
sary to compare the several methods employved by different investi-
gators,

Erklich, (6) dealing with human blood, distinguishes six normal

types — 1, Lyinphoceytes; 2. Large mononuclear leucocvtes.  Between
I and 2 he states there are no transitional forms. 3. Transitional
forms derived from 2. 4. < Polyvnnclear V' lencocvtes. 5. Eosino-
phil cells. 6. Mast cells.  In addition he deserilies various patho-
logical forms.

Buruett (4) distinguishes five varieties of lencoeyte in normal
blood—I1. Lymphocytes. 2. Large mononuclear and intermediate
forms between I and 2. 3. Polymorphonuclear forms, or finely
granular oxyphils.  In this group le includes those cells in the
blood of birds which contain large spindle granunles. 4. Eosino-
philes. 5. Mast, which he describes as coarsely granular basophiles,
but which I have usually found to be distinguished by their meta-
chromatic staining properties.  He also notes many  degenerate
forms of lencocyte, evidently present under fairly normal cou-
ditions, such ax swollen or irregular nuclei; degenerating nuclei;
ruptured cell bodies and pale nuclei, ete.; beside many forms
found uuder pathological conditions, such as myelocytes, plasma
cells. and various abnormal kinds of ervthroeytes.  The blood
dust described by Burnett perhaps corresponds to the substance
attributed by Cullen (7) to the free granules of the mast cells, and
to which the same name is given.

Cullen (7) describes four kinds of leucocytes in fishes and birds.
L. Small mononuclear, which closely resemble the corresponding
cells in man. and which I take to mean the lymphocytes of most
classifications. 2. Large mononuclears. 3. Eosinophiles, in which
he distinguishes a granular form, and an oxyphilic spindle form,
in this respect differing from Burnett. From my own observations
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1 am inclined to agree with Cullen in placing the spindle granules
of hirds as cosinophile forms just as the spindle granules of the cat
are deseribed under that heading by Burnett.  (Goodall (8) ulso re-
marks that nentrophile cells are absent in the fowl. their place
being taken by cosinophiles, with oxyphilic spindles.) 4. Mast cells.

Fantham (5) distinguishes. in the normal blood of the grouse (a),
Srvthroevtes, anong which hie finds normal cells, cells without
nuelei, and erythroblasts—cells which are rounder and have more
spherical nuclei than the ordinary  form, and whose eytoplasin
stains blue with Gicnsa.

(1) Leucoeytes, under which hie puts—L. Lymphocytes, both large
and small, the Jarge variety werging into small mononuclears.t
2. Large mononuclears, whose protoplasin is hasophil, staining
deeply with Giemsa, and less darkly with Jenner. 3. Polymor-

plionuclear lencoeytes  (Burnett). or crystalloid ensinophil  cells

(Cullen, Warthin). 4. Fosinophile lencoeytes (Burnett) or voarsely
ranular  cosinophile  (oxvphile) cells 3. Mast cells (coarsely

4r
=

narrow and slightly small erythroeytes. The whole cell is basophile

anular basophile cells). 6. Thromboeytes. which suggest very

in its reactions, staining rather faintly blue with Jenner’s stain.
Cruner (14) gives a classification of the human blood cells based
on biological principles, and, following this, a valuable sunimary
of the work done on their comparative cyvtologv, together with an
exhaustive bibliography.  Deriving all blood corpuseles from the
primordial cell he describes various forms in both normal and
pathological blood :—1. Red cells. which ave only present in verte-
brates, and may he divided into—(a) orthochromatie, (h) poly-
whromatic, and (¢) megaloblasts.  Platelets are absent where the
red cells are nucleated.  Npindle cells occur in all vertebrates
helow mammals, and are pear-shaped. or amond-shaped plagues,
which in birds are sometimes regarded as identical with the
mammalian thromboeytes, and physiologically have the same func-
tion as the platelets. 2. Lymphocvtes, uninuclear. basophile. non-
granular cells, which may be divided into—(:) small, and (M) large
Ivinphoeytes, and (¢) large mononuclear cells, with transitional
forms between the two former and the latter. and characteristic
of infra-mammalian species. 3. Large mononuclear cells, which
are of two types—(a) Ivinphoid, and () granular. and which are
present inall animals in which blood may be detected.  They

1 In this conneetion we must note Evhlich’s statenient that in human blood there are no transi-
tional formy between lymphocey tes and mononnelears.  This raises the question as to the homol-
oy of theke forms in the varions groups of animal.
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appear to play the part of macrophages in reptiles and wnphibia,
“ )

and are frequently  possessed of so-called

seeretory  vacuoles.”
4. Neutrophile leucocytes, consisting of an oval, large, basophile
<ell body, fibrillar in structure, with vxyphilic paraplasm; round,
indented, or polymorphous nuclei; not foumd far bhack in the
vertebrate scale. and probably not corrvesponding to the phagocytes
of cold-blooded vertebrates.  These apparently correspond to the
polymorphonucleate cell of other writers, and are regarvded by
Gruner as heing absent in their true specitic form in cold-blooded
vertehrates. the part of the hmman polymorph being played by the
macrophage in the frog and reptiles.  In Dbirds he includes under
this group mast cells, cosinophile cells. with rod-like granules
(pseudo-eosinophilesi, anud cells of the same size full of minute
oxyphilie granules. 5. Eosinophiles, with granules of various
shapes and sizes. 6. Mast cells, which are mono- or polynucleate,
variable in size, with a vacuolated cell hody.  They are divided
into those containing fine, irregular granules, staining ved-violet
with Giemsa, and those vcontaining scanty, coarse granules.  Be-
sides these there are forms more or less characteristic of certain
pathological conditions, such as plasma cells, giant cells, ete.: as
well as various structures which may represent stages in the life
history of the normal blood cells.  1Tor the work under discussion
I have adopted the following terms in an attempt to reduce the
blood cells of the various groups of animals to a common classifica-
tion.

1. Erythrocytes.  Nucleated or non-nucleated cells, according
to the group of animal.  Normally staining vellow-orange or brick-
red, but polychromatic or basophil forms were connnon in all species.
In all cases irregular forms were present, even when the Dlood was
not apparently pathological.  In wmplhibia, reptiles, and some
birds, I noted, besides these ordinary forms, structures which 1
have called spindle cells, and which 1 take to correspond to the
thrombocytes of Burnett and Fantham. In the lower vertebrates
these cells are thought to perform the function of blood platelets
(Gruner). In many cases these cells were distinetly bi-polar, though
in the majority thev were drawn out at one end only. They were
not as consistently basophil as the authors quoted describe, but
their tendency seemed to he decidedly towards basic or polyehro-
matic reactions. They have heen deseribed to me as artefacts. but
as | have repeatedly observed them in the lhaemocytometer while
making an estimation of corpuscles, and once in an examination

of fresh frog’s blood during a laboratory demonstration, while
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I have frequently found them clongated at right angles to the
length of the smear, I adhere to my first belief that they ave fairly
usual constituents of the blood of certain animals.

2. Lencocytes.

(a) Lywmphocytes.  Small, round or irregular cells, with
basophil and  practically  homogeneous  protoplasm.
Deeply basophil nuclens filling the greater portion of
the cell.

() Mononuclear.,  Larger basophil forus, frequently con-
taining basophil granules, and with large and often
excentric nuelei.

() LPolymorphonucleate.  Large forms, with irrvegular and
frequently excentric basophil nuclens, the cell proto-
plasin often exhibiting faint acidoplil properties, or
even granules.

(V) Teansitional forms.  Basophil cells. whose nucler pre-
sent iutermediate stages between (b) and ().

(¢) Kosinophile, containing large or small acidophil graunules,
and lrregular nuclei.

(1) Mast cells, containing granules, staiming more or less
metachromaticallv, and faintly basophil cytoplasin.

< Fishes. (Plate XV ; B 1-6.)

.

Only  one form  was  examined—ihe teleostean  Nea-hedgehog,
(iadon histrie (1)—and the smear contained many hacteria.
The ved cells were much ronnder than those of batrachians or vep-

tiles, averaging [2.5p x 9.

.. The protoplasm of many took a
basie stain.  Ouce doubtful spindle form was observed, measuring
13.2,, x 83p.  The lymphocytes were round, and the most con-
spicuous leucoeytes were mononuclear forms, with deeply basophil
pranules, averaging 124, in diameter; while others resembling
the polymorph type in general characteristies, but containing
basophil protoplasm, averaged 11.64,  No cosinophil forms were
apparent on treatment with either Jeuner’s or Giemsa's stain.
"Newton Parker (2) gives the average sizes of the red as much
Targer (10-46p x 25-27;0). but Johuston and Cleland (3) vemark
that they find a wide diversity among fishes. dipnoi running as.
hiph as 29, x 23, while in some teleosts their reading is as

16

rer (14) notes that in general the 1y mphocytes are fairly typical in this wroup, showing
transitions 1o the Jarge mononnclear type; also the tact that the wononuclear forms are typical
of the lower vertebrates, ocea sionally replacing the pol
tion ta the absence of eosinophil and mast cells in tishe

wrphs in fnpetion,  te also draws atten-
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low as 6p x 6u.  As these latter observers point out, the Teleostei
have evidently branchied off from the main stem, giving rise to
batrachians and reptiles, so that there is little of comparative

interest tn this reading.

Batrachie. (Plate XVIIL; Figs. 7-17.)

Red Corpuseles.— Considerable vaviations in the size of all types
of cell were observable in this group; hut, with the donbtful excep-
tion of one slide frow a tadpole, the voung forms have larger cor-
puscles  than the adult.  Spindle cells were found in Lywmnody-
wastes dorsalis. averaging 23p x 12454, also in  fresh blood
of Myla aurca, used tor laboratory demonstration purposes, and
in the hacmocytometer; while in the wmajority of cases baso-
phil polychromatic reds were found. Some of these stained more
deeply thau others, and, with the exception of L. dorsalis, averaged
smaller than the ordinary rved. The chromatin of these forms
did not stain as deeply as that of the typical erythrocytes. The
smears also contained masses of a homogeneously staining sub-
stance, or, in other cases free nuclei (cf. Fautham (5) p. T28);
while in one young #. aurea were forms with vacuolated protoplasm,
and very densely stained nucleus. In some cases the red cells
were apparently in a state of active division. This was observed
chiefly in L. dorsalis. Gruner (p. 94) remarks seven varieties of
red cell in the frog, giving their average size as 14.5 x 25 p, and
their number as half a million per e.cin, being much fewer than
in other animals.

Lymphocytes varied wmuch in size and shape, ranging from
6.6 to 134 x 5.3 ; and were occasionally, e.g., H. aurea and
L. dorsalis, observed with the nucleus in a state of division. In
L. dorsalis they showed a distinetly fringed outline. comparable
to that described by Erhlich in human blood. They were always
basophil.

Mononuclear forms were strongly basophil, and varied mucl
in size, aud also in relative numbers, showing all gradations from
8.6-19.9p in diameter [cf. description of intermediate forms by
Stephens and Christopher (9), p. 19], the average size falling,
however, between 10u and 14, The nucleus tended to become
segiiented, and the cell substance to coutain granules.

Eosinophils were not, as a rule, clearly defined, with the excep-
tion of L. dorsalis and #. peronzi, in which there was a decided in-
crease in the relative numbers of these cells, together with a
marked difference in the size of the granules as compared with

g
5
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those of other members of the group. The grauunles in these two
forms closely resembled in appearance those figured by Burnett
) for the horse. In L. dorsalis also, the eosinophil cells differed
from those of other batrachia examined, in averaging larger than
the true polymorph cells.  Gruner, on the other hand, regards the
cosinophil cells as forming the important features of the blood of
amphibia.

Polymorph cells of the true type are denied by Gruwver, but he
notes forms containing a true polymorph nuecleus, and faintly
basophil or amphophil cell substance, and these 1 found were

very distinet in most cases.  In Z. peronii these were represented

by forms with somewhat irregular nuclei, much pressed to the
side of the cell.

In tadpoles the leucocytes were apparvently all of the mononuc-
lear type. averaging 12.1p-16.9u; while the spindle cells and
basophil reds containing large and less dense nucler than the
orthocliromatic were mumerous, and in one form the true ved
cells tended to become vacuolated.  In such smears a differential
count was obviously imipossible. .

Gruver regards the wonouuclear as the primitive type of cell,
and, as sucl, they are to be expected in the more or less undif-
ferentiated blood of voung animals.

BATRACIAN CORPUSCLES.

Percentage C'ounts of Leucocytes.

Name ]:\ ;nni)lloc_\ tes. Monounuclears. ['01_\'morphs.7 Eosinophils.
Hyla aurea (young) - 352-404 - 86.7-6LF - 16-27 - 11- .9
" 5 (adult) - 51.2 - 28.3 - 8.2 - 1.4

Lymnodynastes dorsalis - 68.2-73 - 106-12 - 157-13 - 32-21
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Reptiles. (Plates XVIHL and XIX.; Figs. 18-33.)

Red Corpuscles.—The counts of the absolute number of red
cells varied, probably due to the effect of different seasons. Forr
instance, (helodina lougicollls would not give enough blood for
a haemocytometer count when pricked in May, apparently Lecause
the animal was then hibernating, and the estimation of its cells
could not be made until it was killed in July.

The red corpuscles varied iu size, the largest observed being found
in Chelodina lougicollis, and measuring 21.9p x 13.3p, which is.
a larger reading than that given by Cleland and Johmston (3).
viz, 18.5p — 195 x 12,5, The increase in size in young forms
as compared with adults of the same species characteristic of
Latrachia, is no longer apparent, except in Tliqua scincoides,
which vanked next in size to Chelodiue lougicollis; but for pur-
poses of comparison [ was not, in this case, able to obtain the
adult. My measurement (19 x 10.3u) is, however, a slightly
larger reading than is given by Cleland and Johnston for the
sanme form (presumably adult).  In one case, 7%l nigra-lutea, the
cells  varied  enormously, running  from 199, x 116 to
9.9 x 6.6p; and in Gramatophora barbate there were some small
round cells, appearing normal in reaction to stain (microcytes),
while in Zvachydosanres rugosus these small forms were also
observed, Bearing in this case a very darkly staining nucleus.
Aunaplasims were common in the cell of Chel. longicollis, while others
showed different stages of vacuolation, and variously disintegrated
structures, closely vesenibling those of #/yla anrea were found. In

other cases the red cells seemed to be losing their nuclei, e.g., in
Pidigua seincoides (10).  In some the nuclei of the ordinary forms
tended to become irvegular, with a distinet appearance of budding,
and in the young specimen of Gramatophora wmuricata oné was
observed in a state of division. The reaction to stain was fairly
normal, but in some the cytoplasm of ordinary red cells took on
a4 green tinge with Jenuer.

buveptiles, in o distinetion to batrachia, the larger forms
of Tencocyte approach more nearly the size of erythrocytes, the
largest observed being the cosinophil cells of kel longic., which
measured 2104 Spindle cells were very common in all speci-
mwens, and might Le pointed out at one or both ends. They
rather inelined towards basophil characteristics. and among such
(:vlls: binucleate forms were fairle numerous, as well as among the
ordinary spindles.  In  the voung Tiligua  scincoldes. in  which
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these cells were first observed, they averaged shightly sinaller than
the ordinary ervthrocytes. with rouuder nuclei. The smaller cells
tended to be basophil, the larger staining normally. Normal baso-
phil cells were also common, their nuclei Leing larger, and taking
the stain less darkly than the ordinary forms, and showing a
great tendency to branch or bud; in fact. in 7. rugosus one was
observed showing three nuclear masses.

Lymphocytes vavied in size. the largest being found in young
Gramat. muricata. These were distinetly oval in shape. measuring
11.9x x 6.6x.  Ou the other hand those of voung 7iligua scin-
coides van smaller than any other form, viz., 4.8, The percent-
age counts also varied. being fairly high in young individuals.
The fringe of ragged protoplasm observed in some batrachia was
also scen in this group (Teach. ruyosus and 7. wigra-lutea).  In
the forner these cells were most distinet when treated with Jenner's
stain, aud an appearance was obtained resembling division, The
general shape varies from oval in Gram. muricata to round in
Trach. rugosus, while in other cases it was almost impossible to
distingnish lymplhocytes from free nuclei.

Mast cells were common in this group, averaging larger than
the mononuclear forms, hut they were not present to any large
percentage. The greatest number was found in the voung of
Gram. harbata. where they were present to the extent of 13.8 per
cent. of the total white cells. They were common in ("hel. lougicollls,
in which, as in 7rack. rugosus, they showed both large and small
varieties. In 7vach. rugosus also, one was seen apparently in a
state of division. and in this species the granules of the corpusele
were distinetly divided into large and small; while some cells
appeared transitional in staining between the mononuclear and the
mast variety, staining more darkly purple thau the ordinary mono-
nuclear forms. and with a few characteristic granules in the proto-
plasny.

Transitional forms of ordinary type were not observed.

Monouuelear cells varied in size, and might be divided into two

classes—(a) Small, ranging from 7.9p-9.9p; (b) those correspond-
ing more nearly to those of other foris, and ranging from 11.7-
15.4 p, while in the carpet snake (specimen in very pathological
condition) they ran up as high as21.1z.

The percentage counts were fairly Ligh, but it was difficult in

many cases to make a rigid distinction hetween large specimens of
class (a) and small specimens of class(b).  The small forms of ("hel.
lougicollis were distinguished from the lymphocytes by the presence
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of many basophil granules.  In others (Gram. harbata) the proto-
plasm tended to be vacuolated. and in 1'il. seincoides this vacuo-
lation extended to the nucleus (cf. Erhlich, p. 86). As in amphibia
(runer regards these cells as playving the part of macrophages, true
polymorphs being absent.

Polymorphonucleate Cells—These were roughly about the same
size ax the eosinophiles, but gave a small percentage count except
in vonug ramat. murvicate. where they ran up to 42 per cent. of’
total loliuw.\'te.*' while in the Monitor it was not possible to dis-
tineuish them from the eosinophil cells. In smears from Chel.
longicollis, large cells were seen in which the nueleus was pressed
to one side, and the protoplasm scarcely stained at all. In other
hoe-shaped

cases, e.o., Gram. barbata forms containing a hor
unclens. and faintly pink protoplasin, scarcely to he distinguished
from cosinophils, and comparable to those of some frogs, were seen.
Similar cells were noted iu 70, nigra-lutea. In other cases, e.g.
(fram. muricata, the protoplasim was vacuolated, and the nuclens
not xo strongly basophil, as in the ordinary types. These, under
Gruner’s classification, must be regarded as eosinophils

Fosinophil Cells—These were fairly well marked, though giving
small percentage counts, except in Chel. longicollis. in which the
granules could be distinctly divided into small and large. The:
latter closely resenibled the spindle-shaped structures of birds, and
were much nore mumerous than the former, the total eosinophil
count giving #0 per cent. of leucocvtes present. In size, with the
exception of Chel. longicollis, which ran ax high asx 21.5p, these:
cells average about the same ax the polymorph forms. The
cosinophils of (hel. lonyivollis arve further peculiar in showing.
besides the spindle-shaped granules already mentioned, finely and
coarsely granular cells, the latter not unlike those of Lymwody-
nastes dorsalis, among the amphibia, though not staining so dis-
tinetly.  Fo most cases, also. in this species, the eosinophil granules.
with the exception of the large ones, did not stain with Jenuer
at all; so making it hard to distinguish true polymorphs from
cosinopliils. hoth of which carry nuelei pressed to the side. The
same fact was also observed in Gram. barbata. In Td. nigra-lutea
these cells did not show up with either Jeuner or (iiemsa; while
Trach. rugosus. hoth young and adult, showed scattered granules
staining hest with Jeuner, some cells being not clearly granular,

while all had the nucleus pressed to one side.  On the other hand,

in 79l seineoides the nuclens was round in distinction to that of
the polymorph cells, and the granules were few and yefractive.
Gruner questions the analogy between the cells containing spindle-
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shaped granules (crystalloids), and the eosinophil cells of mamals
(human), just as in places the ** pseudo-eosinophile " cells  of
bivds in the polymorph sevies. I the structures 1 have called
polyuorphs in amphibia and reptiles, and which show amplophil
ov acidophil aftinities, ave to he regavded as eosinophils, then this
class of cell is certainly the most characteristic of amphibian and
reptilian blood.

REPTILIAN CORPUSCLES.

Leuncocytes 7

Names Kedls. Whites, E ] é
or e . =t 3 Ok
peremm ke wim ey 55 % 3%
Gramatophora - 1,589,416 - 50,000 - 145 - - 65 - 122 - 803
harbata
Gramatophora - - 379 - 138 - - 425 -
muricat:
(young)
Tiligua  nigra- 988,095 - 21,875 - - - - -
Iutea
Trachydosanrus 753,125 - 12,500 - - - - -
rugosus
. rugosus - - - 283 - 35 - 5Ll - 162 - .6
1. rugosus - - 43333 - 550 - 24 . 4.0 - -
T rugost - 646,423 - 82812 - 420 - 42 - 100 - 195 - 1.4

(youny)
Tiliqua  scineo- 721428 - 15, 33 - 636 - - 306 - IS - 28
ides (youug)

Cheloding longi- 102380 - 7,38 - 261 - L5 - 23.7 - 84 - 100
collis (taken in (taken in
Winter) Winter)
—
Varanus (varius - - 479 - - 209 - 22248

or gouldi)
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dves. (Plate XIX.; Figs. 34-37.)

Led Corpuseles.—The actual counts varied, but scarcely beyond
the limits of the figures given by Burnett (4) for the blood of the
domestic fowl, the highest being found in the Black Mountain Duck,
and the lowest in the White Pekin. In size they averaged smaller
than thore of reptiles, the largest being found in the Spooubill
‘(16.];[ x 8.7p).  The cells of young individuals showed an increase
in size as compared with those of the adult. Basophil types
(thrombocytes or ervthroblasts of Fantham?) were not common,
but were observed in the Chestnut Breasted Teal and young Mud-
lark and Heron, and averaged smaller than the ordinary forms.
In the Heron a few cells resembling the spindle forms of reptiles
were scen, but this smear was full of cocei, and in all probability
not normal. In the Spoonbill, young Mudlark, and young Moun-
tain Duck the basophil cells were also well marked, and showed
great variety of shape, some even approaching that of spindle
cells. It is worthy of note, from the standpoint of evolution. and
in view of the occurrence of these eells in amphibia and reptiles, that
they were more conspicuous in the vounger forms of the birds
examined, which is to be expected if they are a primitive type.
Gruner, however, states they are present in all vertebrates helow
mammals.  In the Spoonbill and young Mudlark also, the nuclei of
many red cells were slightly moeniliforni, and in some cases almost
completely divided, with the most dense chromatin at the centre of
the nucleus.  This aggregation of chromatin was best marked in
the basophil forms, in which also division of the nucleuns was well
seen.  Degenerate cells, resembling those found in reptiles, and
described by Fantham (5), and counsisting apparently of free
nuclei, non-nucleated fragments and nuelel surrounded by a thin
film of protoplasm, were also observed.

Lymphocytes.—These varied in size from 3.8p in the Black
Mountain Duck (dnas superciliosa), to 6.7p in the Spoonbill.
Their percentage counts were fairly high, running to 75.8 per cent.
of the total leucocytes in the Chestnut Breasted Teal. Tn the
voung Mudlark the count was extraordinarily low (15.8 per cent.).
These cells have a decided tendency to aggregate (¢f Fantham (5));
and degenerating forms appearing like large nuelei of lymphocytes
were present in certain smears, heing in many cases difficult to
distinguish from the true cell (¢f. Burnett (4)). Iu the young
Mudlark they are surrounded by a clear ring of cytoplasm.

Mast ('ells.—These were not found on any slide, with the pos-
sible exception of the Chestnut Breasted Teal (Casarca tador-
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woides) smear stained with Giemsa. In the Heron and Spoon-
bill there were also doubtful forms, but neither of these slides were
very reliable. being fairly pathological.

Mononuclear ("ells.—These varied in percentage count, but never
ran higher than 28 per cent. of total leucoeytes.  They were dis-
tinctly divisible into small and large types. the former rvanging
from 6.8p-9p, aund the latter from 8.5p-14.5pu.  The relative dif-
ference between the two forms van as high as 6.5p in one bird
(Heron).

Polymorpheowncleate (ells—These weve dithicult to distinguish
from the cosinophil, and a percentage count could only be made-
in the voung Mudlark, in which they amounted to 3.5 per cent.
of the total lencocytes. In this species also, their diameter was.
only 6.2p, while that of the true eosinophils ran as high as I1.6p.
Gruner includes under this head mast cells, eosinophiles with rod-
like granules, and cells of the same size full of minute oxyphile
granules,

Fosiwophil Cells.—1n general, the size of these cells averaged less
than those of reptiles. They were in most cases divided into those
with vound granules, and those with the spindle or erystalloid
rariety (polymorphonucleate leucocytes of Burnett, neutrophile
of Gruuer), though it was not alwavs possible to distinguish
clearly enough between the two forms in order to make a differential
count.  The crystalloid varviety were particularly well marked in
the White Pekin Duck and voung Mudlark, in each of which they
gave a high percentage count, very greatly in excess of the
ordinary cells with rounder granunles. As a rule the percentage
of eosinophil corpuscles was faivly high, vunuing up to 32.4 per
cent. of total leucoeytes in the Black Mountain Duck. In some
cases. notably the Herou, the granules were very sparse, resembling
those of certain veptiles, while in the Black Mountain Duck several
large mononuclear cells showed an apparent cosinophilous granu-
lation.  In the Ihis there were distinetly three forms, (a) with
suall granales. (b) with ordinary spindles, (¢) with large spindles
—the last two classes being about equal in number, and varying
slightly in size (11.64-10.9p).
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AVIAN CORPUSCLES.

g 24 2% £
g 3 2 £ FR |
Nane. E 'E ig éé s g
= = =
per canni, per e, - 3 %
Muscovy Duck - - 2,350,000 - 91,600 - 67.0 - 5.06 - - 280
Asarca tadornoides - 3,000,000 - 55,655 - 75.0 - 535 - - 154
(chestnut-breasted teal)
Anas superciliosa - - 4450,000 - 50,000 - 649 - 65 - - 324
(black mountain duck)
Ardea (Sp. ?) (heron) - - - 564 - 279 - - 156
Spoonbill - - - - - - 696 - 135 - - 200
Wi o = = o - . - 659 - 255 - 5 B
Grallina  picata (young 3,768.750 - 103,125 - 158 - 280 - 3.5 - 585
mndlark)
AVIAN CORPUSCLES.
S1zes MEASURED IN ft.
24 s E 2z
Name. ?‘% é—;z ‘E' g‘
- = =
L. B L. b Small.  Large.
Muscovy Duck - - 106 6.6 - - 42 - R -9
Asarca tadornoides - 108 57 - 82 - 54 - 68 - 11 - - 89-11
(chestnut-breasted teal)
Anas superciliiosa - - 106 6 - - 38 - - 85 - - 87
(black mountain duck)
Anas superciliosa - 139 74 - o - = - -
(young)
Ardea sp (?) (heron) - 13 85 - -5 -8 - M5 - - 12
Spoonhill - - - 161 87 - - 6.7 - - - - 132
Ibis - = - - - -6 -9 -136 - - 10-11
Grallina picata (young 12,6 7.8 - 109 83 - 66 - 7.4 - 11.6 - 6.2 - 11.6-10.6
mudlark)

Mammaliv. (Plate X1X. ; Figs, 38-44.)

The representatives examined in this group all helonged to the
Metatheria. being either marsupials or monotremes.

Platelets were observed for the first time in this group, being
absent in all forms with nucleated red corpuscles (Gruner); and
were very common in all species. In some of the marsupials they
appeared to have a definite outline. Schafer (12). p. 47, mentions
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blood platelets or thrombocytes in the frog, but I have found
nothing to correspond strictly with these cells in appearance out-
side the mammalia.

Red Corpuscles.—These approached very nearly the actual num-
Ler per e.mm in human blood.  There was a marked decrease in
the size of the cells as compared with in vertebrates; and in all
cases thev were non-nucleated, bi-concave discs.  The variation in
.diameter is also much less than in other groups (5.1p-7.8u). In
the young platypus (0. anatinus) they showed the greatest range,
ranning from 6.6p-9.9px.  There seemed to be no definite relation
Letween the age of the animnals and the size of the corpuseles. Poi-
kiloevtosis was fairly common in many marsupials. as well as poly-
chromatophilia, while normoblasts were frequently present.’

There were also, in the smears of marsupial Dlood, a large
number of corpuscles of normal shape. but small size (microeytes).

Lymphocytes averaged very much larger than the corresponding
-cells in birds, the greatest diameter being found in one species of
wombat (Phascolomys), but there was no marked tendency towards
increase in size in the young. The pervcentage counts varied
enormously, running as high as 72.6 per cent. of the total leueo-
extes in Trichosuras culpecula: but 1 could tind no definite rela-
tionship between age and numbers, though, as a geueral rule, the
young forms showed a high percentage connt. In 7. vulpecula and
others the nuclei of some lvinphoevtes appeared to be distinctly
dividing, and the size and amount of protoplasm in relation to the
nucleus varied. but apparently the Ivinplioevtes were non-granular,
thus differing from the mononuclear forms.  In Petauras breviceps

the Iymphacytes were divided into two classes—(a) small. with very

distinct outline to the nucleus. and very little cell substance; (b)
larger cells, with less clearly marked nuclei, and protoplasm barely
showing (ef. Gruner). In the young echidua the lvmphoeytes
varied much in size, and were very granular;: while the nuclei
of several in the wombat smears showed distinet lobing, giving a
kidney-shaped appearance. (Transitional forms?).

Mast cells were very vare, being ouly observed in 7. rulpe-
cula and the wombat, and in neither case numbering as much as
I per cent. of the total leucocytes.

Mononuclear cells were divisible in some cases into small and
large, and averaged as a rule, larger than the polymorphs® They
showed, particularly in the young platypus, a great variation. as

1 Cleland and Johnston (3) sugzest this may he an archaic feature.
o

phens ind Christopher (9) remark on the frequent ocenrrence of *intermediate lenco-
eytes mid-way Letween the large amd smal) mouonuclear cells,



Blood of Auwstralien Animals. 201

well as an inerease, in size (12.8u-18.1p).  Pereentage counts were
never very large, reaching the highest in . breviceps (female with
voung), where these cells numbered 35.7 per cent. of the total
leucocytes.  Degencerating cells (ef. Burnett) were common, while in
others the nueleus tended to become vacnolated (ef.  Erhlich  (6),
and one cell of 7. wvulpecula scemed to be clearly dividing.  The
chiromatin of the nuclei in mwany showed very distinetly.
Transitional  forms, between the mononuclears and the poly-
morphs, were observed in four cases, and in size corresponded most
nearly with the polymorphs, but in no case did they amount to
3 per cent. of the total leucocytes.
whing as high as 76

LPolymorphonuclear cells were numerous,
per cent. of the total leucoeytes in the female wombat. In size they
approximated, on an average, to the eosinophils, beiug particularly
small in one species of Fehidna histrie, in which the ceyloplasin
stained very indistinctly. In 7. vulpecula, on the other hand,
they showed fine acidophil granulations (cf. Schifer (11) p. 34).

Kosinophil cells never gave a high percentage count, falling
particularly low in echidna, in which, neither in the young nor
adult form, did they veach 1 per cent. of the total leucocytes. They
seemed to average slightly larger than the polymorphs, though this
was not an absolute rule.  The granules of some were very seattered.
while in others they were very fine, resembling the finely granular
polymorphs of some forms. In the young platypus they were only
distinguishable with Giemsa’s stain.  Erhlicho (6), p. 179, notes
among the a-typical forms of white corpuscles which may he present,
dwarf forms of the eosinophil variety, and I found that these
were also very common in many marsupials.  Macrophages were
also present in the form of large basophil mononuclear cells, con-
taining partially disintegrated corpuscles of various types.



Guynneth Buckanam :

202

9N
91
el
6%
e

e

0

oo
spyd
-ousog|

e} -
Loy -
8 -
s -
oy -
sor -
oLe -

L

b -
<Ry -
[t

sydsousioq

Z

ye -

60°C -

9e -

e -

e -

£ -

NG -
([euoyisueas + )

661 -

6 -

8¢ -

£e—ee -
([euotpsueag + )

FOl -

S'G B

<L -

([PUOLyISuLRY} + )Ny -

RUSTRHTITTT

RS

- -
- -6
< - 6E
. - Loe
- - 819
N A
= - WSl
: - Tog
. -89
- - oE
= @ o= kg
s - 99 - 6¢

- 8T - L0F
= - 9er
- - oa
% %
Sutoy urion  sags0
-1 23

N, -oyduusry

SHTIOSNAYOD

CISTZ - THI'GRYY
(DLR1LT - 82FTL9'L
00009 - 000'08€'9

‘wury Jad Swwed gad
R KN PRI
NVITYNIN VI

UMOLS-[[1F)
(ua0as-grey)

AWH‘—WEV o 0
(areay) “ “
(arvwag) o “

(apem) Jequiom sfutogooswyy

- snwaSaad suuyoopnasg

N « «
= r[noad[na snansoyor ],
(toyjom) “ N

(Sunof) sdeoraaiqg snanwja g

« ‘ s

- (Sunol) snuyreur -qiruig
- (Sunog) 0] &L
E - = XLUSH[ vuplyof

‘euEN



03

ol

Blood of Awstralici Animals.

CRETEEE L'etr
et - ZEil
SGeL - 2 e

6o - @I
801 - eIl
6s'0r - Far

- T'Ir

L Lot

- WET

3 et

K &l

SF o1 = &0r
6l =

66
&t
661

- - - (e[ewm) : i
(umord-fmy) “ -
(umoas-grey) < .. -
- - - (oremay) “ *
° = - (o1eu) “ :
- - - (opem) juquios s{mojoosey [
o = = (1ay30ta) “ :
S - = (Sunok) sdsotaaaq snanegag
> - - - enoad[na SHANSOYILL],
- - (Sunof) “ N

- - snunrue suoudIo3IuI)
= - (Sunof) ¢ “
° ° - - XWPSIY vupior

“spydousosq sy

CLOaxe6 - - 6ot - 99
el - - TIT - 89
18T SEFIXYIT - 90T - F9

- -oror - L9
- - 6aor - FY
67F L - = @t = gy
N - Tor - 19
- -t - 6¢
- - 6 - 29
- - €6 - L¢
- R 1 T
(671= 9711) (6'6-9'9)
[I'ST—98°@T - - Q01T - 8L
, - - - T
<1 - o80T - 99
91T - =L i)
“afire Jewg Sy P
SILBONNOUOJY ~oyduuirp

EICTING

ol N aawnsvaw s

1§

SHIDSNIT0D) NVIIVININVIU



2044 Guwynneth Buchanan :

Summary.

Fed Corpuseles.—Miss Clay-Pole (12) notes the decrease in size of
ved cells i passing from eeneralised to specialised types, and asso-
ciates this with an inereased haemoglobin capacity. T have found
the same fact borne out by my observations, as well as a correspond-
ing increase in the actual number of red cells, which, by increasing
the total surface of the red cells, augments the area over which
oxygen may be absorbed. There was a tendency towards larger size-
in vouuyg forms, which was, however, hardly apparvent jn mar-
supials.  Spindle cells, when present, tended to be polychromatic or
basophil in reaction, and were only found in any wumber in am-
phibia and repiiles.

Leucocytes.—(a) Lymphocytes, as a general rule, seem to be:
more numerous in young forms. The size was also greater in the:
voung, aud increased in passing through the varvious groups, being
Firgest in marsupials.  This large size in the young 1s evidently a
reversion to the primitive tyvpe.

(W) Mast cells seemed to be more characteristic of the lower groups,
as they were observed only once in marsupials, though they were:
nunierous in reptiles,

(¢) Monowuelears were 1more numerous in  young animals
and the only form of white corpuscle found in the tadpole was
nearest this type—primitive, according to Gruner. The average
number of these cells became much less in monotremes and marsu-
pials.  In amphibia there were three distinct classes, according to-
the sizes, a giant type being well marked in the young. In reptiles
only two classes were apparent, and the average size in the adults
was less than in awphibia; while in birds they were smaller again,
but still of two kinds.  Monotremes resembled reptiles; but in
marsupials we find one size with no marked difference between the
voung and adult.

(d) Polymorphonuclears in amphibia were not easy to distin-
guish from mononuclears by staining, and were also few in num-
bers both facts being more clearly marked in the young. In
reptiles also they were not clearly differentiated, and were only
distinet in one bird.  In monotremes, and still more in marsupials,
they were numerous and apparent, except in the case of the adult
female Petaurus breviceps, which was suckling its young when
the smiear was taken. Perhaps this fact may account for the
extraordinary  decrease in polvmorphs, and rise in number of
wononuclears in this particular specimen.
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